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CATALYST, PROCESS FOR ITS PREPAR ATION , AND ITS USE IN THE SY NTHESIS OF_ 
1 , 2-DICHLO ROETHAN Ej 

Introduction 

5 

This invention relates to an industrial catalyst, its preparation, and 
its use, especially for the production of EDC by the oxychlorination of 
ethylene in a fluidizable or fixed bed reactor. 

10 Background of the invention 

The oxychlorination of ethylene to 1 , 2-dichloroethane (EDC) is known to 
be catalysed by catalysts containing, inter alia, copper, suitably in the 
form of its chloride, often in admixture with alkali metal salts, and 
15 carried on an alumina support. Such catalysts have, been described, as 
well as the related preparation methods, in several patents. The 
ethylene oxychlorination reaction 



20 



C 2 H 4 + 2HC1 + *4 0 2 > C 2 H 4 C1 2 + H 2 0 



exploits a catalyst whose active phase is copper chloride. The first 
patents claimed a simple catalyst prepared by impregnating a suitable 
support, often y-alumina, with a solution containing copper chloride. 
However, a real development of such catalyst was achieved by adding a 
25 further salt, chosen from among the alkali, alkaline-earth or rare-earth 
metals. Thus, binary, ternary and sometimes quaternary compositions are 
described in many patents, as well as different preparation methods. 

A typical example of a binary composition is described in EP 041330 (PPG) 
30 and is a catalyst prepared with copper and potassium chlorides. The 
claims refer to a real active phase constituted by KCuCl 3 . The method of 
preparation is based on a co-precipitation of CuCl 2 and KC1 on various 
supports, the preferred one being attapulgite clay. Copper content in 
the catalyst ranges from 4 to 12% by weight preferably between 7 and 9%. 
35 The molar ratio Cu:K is 1:1. Such a catalyst is said to be suitable for 
fluid bed applications. 

European Patent EP 119933 (MONTEPOLIMERI ) describes a binary composition 
based on copper and magnesium, codeposited on the support as chlorides. 
40 In this case, the preferred support is y~A1 2 0 3 , preferably with a 
relatively high surface area and proper pore volume. The amount of 
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copper in fhe catalyst lies in the range 1-10% by weight, while the 
magnesium content goes from 0 to 1 mole per mole of copper. The 
preparation method includes the use of HC1 during the dry impregnation 
procedure . 

5 

European Patent EP 176432 (AUSIMONT) describes a fluidizable catalyst. 
Copper and magnesium are the metals used and the crucial item in the 
preparation method is said to be the radial distribution of the active 
phase inside the support particles. In fact, a catalyst having less 
10 copper on the surface of the particles is claimed, with relevant 
reduction of sticking phenomena. Copper and magnesium content in the 
catalyst falls between 1 and 10% by weight, preferably between 2 and 6% 
for copper. 

15 In EP 0278922 (ENICHEM SYNTHESIS) is described a catalyst for fluid bed 
applications and the method for its preparation based on yalumina, Cu 
and alkali or alkaline earth metals. Copper content ranges from 3 to 7% 
by weight while from 0.01 to 4% of the aforesaid additives is included. 
The examples describe a Y-Al 2 0 3 -supported catalyst containing Cu and Ca; a 

20 catalyst containing also Mg; and a catalyst which includes Li instead of 
Mg. All the catalysts were prepared by one-shot impregnation, with an 
"aqueous solution of the salts. The oxychlorinat ion reactions are carried 
out using an air-based process, operating with an oxygen excess. 

25 US Patent No. 4,446,249, (GEON) describes the use of a catalyst 
containing copper on y-alumina, wherein the support is modified prior to 
the deposit of copper by incorporating in it from 0.5 to 3.0% by weight, 
based on the weight of the support, of at least one metal selected from 
the group consisting of potassium, lithium, rubidium, caesium, alkaline 

30 earth metals, rare earth metals and combinations thereof, by admixing a 
water solution salt of metal (s) with the y-A1 2 0 3 , support, drying the mix 
and calcining it at 350 to 600°C for about 4 to 16 hours. However, in the 
example in this patent, even though the Cl/C ratio settled is near the 
stoichiometric value and despite the excess of oxygen (about 60% above 

35 the stoichiometric) the HC1 conversion to EDC is decidedly low with 
respect to the usual standard conversion required by and achieved in 
modern industrial plants (>99%). 

US Patent No. 3,624,170 (TOYO SODA) claims a ternary catalytic 
40 composition based on CuCl2/ NaCl and MgCl2, the atomic ratio Cu:Na:Mg 
being 1:0.2-0.7:0.3-1.5. Such catalyst is claimed to avoid the 
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deactivation caused by contaminaton due to FeCl 3 present inside the 
stainless steel reactors. 

EP-A-0255156 (SOLVAY) describes ternary catalytic compositions containing 
a mixture of copper chloride, magnesium chloride and an alkali metal 
chloride which is sodium chloride or lithium chloride, used in precise 
proportions, which enable a good yield to be achieved in a fluidized bed 
process for the oxychlorination of ethylene to 1 , 2-dichloroethane, 
simultaneously reducing the corrosion of stainless steel reactors as a 
result, in particular, of a reduction in the sticking and clumping of the 
particles of catalyst. This document • teaches that, for ternary 

compositions containing copper chloride, magnesium chloride and sodium 
chloride as an alkali metal chloride, a Na/Cu atomic ratio above 0.2:1 
leads to problems of corrosion of the reactor. In contrast, if lithium 
is used as an alkali metal, no corrosion phenomenon is seen over a wide 
range of Li/Cu atomic ratios. However, the examples show the appearance 
of problems of sticking and clumping of the catalyst with compositions 
containing Li in an Li/Cu ratio above -6.6. 

Patent US 4,849,393 (GEON) describes catalysts containing, besides copper 
chloride and an alkali metal salt, a rare earth metal salt. The 
catalysts contain from about 2% to about 8% by weight of copper, from 
about 1% to about 10% by weight of a rare earth metal salt and from about 
0.25% to about 2.3% by weight of an alkali metal salt. All the salts are 
co-deposited on a suitable support by means of the dry impregnation 
procedure, to give a catalyst which allows high ethylene efficiency and 
low stickiness. In particular, it is stated that, using copper chloride, 
potassium chloride and" one or more rare earth metal chlorides, an 
excellent catalyst for fluid bed ethylene oxychlorination is obtained. 

More specific is the composition of the catalyst claimed in EP A 0375202 
(ICI), in which is described a ternary catalytic composition based on 
copper chloride, magnesium chloride and potassium chloride. Copper 
content ranges from 3 to 9% by weight, while that of magnesium and 
potassium is from 0.2 to 3%. The preferred atomic ratios Cu:Mg:K are 
1:0.2-0.9:0.2-09. 

US Patent No. 5,260,247 (SOLVAY) describes a quaternary catalytic 
composition based on CuCl 2 , MgCl 2 , LiCl and at least one other alkali 
metal chloride on an inert support (A1 2 0 3 ) . Also in this patent the 
support is impregnated with the metal salts in one shot. The examples 
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refer to an air-based oxychlorination process, operating with an oxygen 
excess of 36% and a Cl/C ratio of 0.95. 

The catalytic activity of copper chloride supported on y~alumina towards 
the oxychlorination of ethylene to EDC is thus well known and it is also 
known that several alkali metal salts or alkaline-earth metal salts 
improve the performance of the catalyst in terms of selectivity and 
productivity in fixed and fluid bed reactors. In the latter case, the 
fluidization is particularly critical, especially when the Cl/C ratio is 
close to 1, because in these conditions the HC1 excess induces the 
phenomenon of stickiness. In the recycle process, where the ethylene is 
in excess with respect to the HC1, the problem of sticking is negligible 
and the final target is the maximum HC1 conversion achievable operating 
with a low excess of oxygen, thus maximizing the ethylene yield to EDC. 
This is also true for fixed bed applications, characterized by a reactant 
stream very rich in ethylene. 

As far as industrial fluid bed oxychlorination reactors are concerned, 
the main problems are related to: fluidization of the catalyst, abrasion 
of the reactor, ethylene yield to EDC and EDC productivity. In recycle 
processes, with which the present invention is particularly concerned^ 
fluidisation of the catalyst is not a problem. Even abrasion of the 
reactor does not represent a critical item, because y-alumina is usually 
used to prepare catalysts for fluid bed applications. However, any 
improvement in ethylene yield or in productivity is fundamental for an 
industrial application. It is, therefore the object of the present 
invention to provide a catalyst which is suitable for any oxychlorination 
reaction, air- or oxygen-based, and particularly for the oxygen-based 
process, which operates with vent gas recycle. Such a catalyst must lead 
to improved ethylene yield and productivity with respect to the existing 
industrial catalysts. 

According to the present invention there is provided a catalyst which is 
suitable for catalysing the oxychlorination of ethylene to 1,2- 
dichloroethane, which comprises a y~ a l UIn i na support coated with a first 
layer containing magnesium and, on the first layer, a second layer 
containing copper and, optionally, lithium. 

The invention also provides a process for preparing a catalyst suitable 
for catalysing the oxychlorination of: ethylene to 1 , 2-dichloroethane , 
which comprises impregnating y^alumina with a solution containing a 
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magnesium salt, drying the product, and impregnating the product with a 
solution containing a copper salt and, optionally, a lithium salt. 

The catalyst suitably contains, by weight, from 0.1 to 5%, preferably 0.1 
to 2%, magnesium; from 2 to 10%, preferably 2 to 8%, copper; and from 0 
to 5%, preferably 0 to 1%, lithium. A particularly preferred catalyst 
contains, by weight, 0.5 to 1.5% magnesium; 3 to 6% copper; and 0.1 to 
0 . 3% lithium. 

The Y~al um ^ na used as the catalyst support preferably is one having a 
surface area of from 50 to 220 m 2 /g, especially 80 to 180 m 2 /g, and an 
average particle size in the range 40 to 60 pm. 

In a preferred process for producing the catalyst the y-alumina is dried, 
in order to remove water adsorbed inside its pores, and is then 
impregnated with a solution of a magnesium salt, suitably magnesium 
chloride. The product is dried, suitably overnight, and it is then 
impregnated with a solution of a copper salt, suitably copper chloride, 
either alone or, preferably, in combination with a lithium salt, again 
suitably as lithium chloride. The product of this second impregnation 
step is then dried. 

By pre-impregnating the y^alumina with a magnesium salt the acidic 
centres on the alumina surface are neutralised, forming magnesium 
aluminate, and are thus unavailable for reaction with the copper. This 
means that all or substantially all of the copper is available for 
catalysing the oxychlorination reaction. This is demonstrated by the 
following solubility tests the results of which are given in Table 1. 



TABLE 1 



S AMPLE S 


Cu (%w/w) 

Before 

Extraction 


Cu(% w/w) 
After 

Extraction 


Mg (% w/w) 

Before 

Extraction 


Mg (% w/w) 

After 

extraction 




i 






Cu/Al 2 0 3 


4 | 3.52 






Cu/Mg/Al 2 0 3 


4 | 2.92 


0 .75 


0.58 


Mg/Al 2 0 3 


1 


0 .75 


0.74 




! I 
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Three catalysts were prepared by impregnating Y" a ^ um ina " with 1) copper 
chloride, 2) copper chloride and magnesium chloride, and 3) magnesium 
chloride. The catalysts were treated with acetone, which is able to 
dissolve CuCl 2 and MgCl 2 , but not copper or magnesium aluminate, nor the 
copper hydroxo-complexes, such as paratacamite Cu 2 (OH) 3 Cl. The catalyst 
containing only copper had its metal content reduced from 4 to 3.52%, 
while the presence of magnesium enhanced the amount of free copper 
chloride, leaving only 2.92% copper on the catalyst. At the same time, 
due to the competitive reaction between copper and magnesium to form the 
aluminate, part of the magnesium was present as chloride and dissolved in 
acetone, leaving 0.58% of that metal on the catalyst. Such competitive 
reaction is absent when there is no copper on the catalyst. In fact, all 
the magnesium added becomes insoluble (sample 3) . It is to be noted that 
the amount of magnesium used for preparing the Mg/Al 2 0 3 system was the 
same as was used for prearing the Cu/Mg/Al 2 0 3 catalyst. 

However, to have a catalyst not only active, but also giving a high 
productivity, a high dispersion of the active phase is required, i.e. 
very small crystals should be present all over the support surface. Big 
agglomerates do not help the catalyst action. Co-precipitation of CuCl 2 
and MgCl 2 leads to the formation of macrocrystals , while the presence of 
lithium chloride produces microcrystals, enhancing the dispersion of the 
active phase. As a consequence, the preferred preparation method is as 
follows: 

(i) impregnation of Y~" a l UIT U- na with a solution containing MgCl 2 (dry 
impregnation procedure) ; 

(ii) drying at 80 "C overnight; 

(iii) second impregnation with a solution containing CuCl 2 and LiCl 
followed by drying at 80 *C overnight; 

(iv) activation of the catalyst at 200'C. 

In experimental trials, the ^activation may be carried out directly inside 
the fluid bed pilot reactor. 

The synergistic effect due to this preparation procedure provides a very 
efficient catalyst for ethylene oxychlorination, particularly for the 
oxygen-based process, which operates by recycling the vent gas and with 
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low oxygen excess and low Cl/C ratios-- This synergistic effect 
represents a substantial advantage over known methods. For example, in 
US Patent No. 4,446,249 (GEON) , which describes a two-steps preparation 
procedure where the additive (s) are added prior to copper deposition, the 
5 method requires a calcination after the first impregnation, so that the 
support is modified through a reaction between the support and the 
alkali, - alkali ne-earth or rare earth metal salt(s) . As a consequence, 
the support which is impregnated with the copper chloride solution has 
changed. Moreover, besides copper chloride no other salt is present in 
10 the solution used for the second dry impregnation. 



On the contrary, the present invention is not based on a bulk 
modification of the support and a following simple impregnation with 
copper chloride, but rather modifies chemically only the surface of the 
15 support by means of magnesium aluminate formation and at the same time 
enhances the dispersion of copper, deposited in the second step together 
with lithium, whose ionic dimension induces the formation of highly 
dispersed small crystals. 

20 The following Examples are given to illustrate, but not to limit, the 
invention. 

Experimental apparatus - 



25 /"All ^Th^^xperimental tests were carried out on the fluid bed pilot plant 
depicted in Figr- 

The core of such plant is the reactor, which is a tube made of nickel, 3m 
length, with an internal diameter of 4 0 mm. Reagents flowrates are 

30 controlled by mass flow meters through a computer system which also keeps 
under control the whole pilot plant (pressure, temperature, etc) . The 
products (EDC + water) are collected in a drum after condensation in a 
water condenser. Moreover, the vent gas from the first condenser 
undergoes a further cooling by means of a glycol condenser. The final 

35 vent gas is neutralized by a caustic washing, but such stream is analyzed 
by an on-line GC before neutralization. In fact the caustic washing 
removes the C0 2 present in that stream and this would not allow a correct 
mass balance. Finally, the amount of vent gas after the caustic column 
is measured. EDC and water collected in the drum are analyzed to give 

40 the EDC purity (identifying the impurities) and detect the amount of HC1- 
unconverted, which dissolves in the water. 
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Catalyst preparation 

All the catalysts were prepared following the dry impregnation procedure, 
i.e. by adding to the support a volume of solution equal to the total 
pore volume available. 

In all the Examples, the support used for preparing the catalyst was a y- 
alumina having a surface area of about 180 m 2 /g, a pore volume of about 
0.5 cc/g and a mean particle size of 45-50 um. Such alumina was dried at 
120 *C for 4 hours before the impregnation, in order to remove the water 
adsorbed inside the pores. Two kilograms of catalyst were prepared for 
each Example described below. The impregnation was carried out with 
solutions containing CuCl 2 and/or MgCl 2 and/or LiCl in amounts which 
ensure the final compositions reported in Table 2. The equipment used 
for the dry impregnation procedure was a rotary— vessel . After each 
impregnation, a drying step at 80 "C overnight was carried out. The 
activation was performed at 200 *C inside the pilot reactor under nitrogen 
flow. For all the samples the atomic ratios Cu:Mg:Li are 2:1:1. 

Examples 1, 2, 4, 5, 7 and 9 are Comparative Examples. 



TABLE 2 



EXAMPLE 


Cu (% w/w) 


I Mg (% w/w) 


! Li <% w/w) 


IMPREGNATION 


1 


4 


i _ 

i 




Single 


2 


4 


| 0 . 75 




Single 


3 


4 


! 0 .75 


i 


Double 


4 


4 


1 


1 0.2 


Single 


5,7,9 


4 


| 0 .75 


i 0.2 


Single 


6,8,10 


4 


j 0.75" 


i 0.2 


Double 
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Examples 1-6 

The catalysts were tested by using them in ethylene oxychlorination 
reactions carried out at the following operating conditions: 



temperature 
pressure : 
residence time: 
C 2 H« flow: 
HC1 flow: 
0 2 flow: 
N 2 flow: 



220°C 

5 barg 

17 seconds 

150-160 Nl/h 

250-260 Nl/h 

70-75 Nl/h 

240-250 Nl/h 



The results achieved under the aforesaid operating conditions are shown 
in Table 3: 



TABLE 3 



EXAMPLE 


Cl/C 


o/c 


HC1 


Recycle 


EDC 


Burning 




Ratio 


Ratio 


Conv . 


C2H4 yield 


Purity 


(%) 








(%) 


(%) 


% 




1 


0.81 


0 .48 


99.59 


95.89 


99 . 18 


2 .39 


2 


0 . 8 


0.48 


99 . 83 


96.55 


99.38 


1 . 97 


3 


0 . 82 


0 . 47 


99 .56 


97.47 


99 .46 


1.43 


4 


0 .79 


0 .48 


99 . 93 


96.46 


99.23 


1 . 9 


5 


0.8 


0 . 49 


99 .86 


97 . 66 


99.43 


1.25 


6 


0.79 


0 . 48 


99.86 


97 .88 


99.48 


1.07 
















1 
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From the above results it will be seen that there is a well defined 
catalyst activity sequence, taking into consideration the recycle 
ethylene yield as reference parameter. Such sequence is shown below: 

5 

Cu<Cu/Mg (s . i) and Cu/Li<Cu/Mg (d.i.) < Cu/Mg/Li (s . i ) < Cu/Mg/Li (d . i ) 



Such sequence points out clearly that the effect due to the pre- 
10 impregnation with magnesium combined with the co-deposition of copper and 
lithium on the support is really positive and the synergistic effect 
associated with the double impregnation is quite evident. The average 
productivity of the catalyst achieved at these operating conditions is 
around 535 gEDc/hkg cat . 



Examples 7-8 



Such Examples tested in the samples containing Cu, Mg and Li and were 
20 carried out to verify the effect of the double impregnation at different 
operating conditions. Thus, the temperature was increased by 5"C and 
residence time was reduced by 2 seconds. Such test was devoted to study 
the catalyst behaviour when reactant flows are enhanced to gain in 
productivity. To balance the consequent residence time contraction the 
25 temperature was ' raised from 220 to 225'C. The overall operating 
conditions were: 



temperature : 
30 pressure: 

residence time : 

C 2 H 4 flow: 

HC1 flow: 

0 2 flow: 
35 N 2 flow: 



225'C 

5 barg 

15 seconds 

170-180 Nl/h 

270-280 Nl/h 

75-80 ■ Nl/h 

250-260 Nl/H 



40 
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EXAMPLE 


Cl/C 
Ratio 


o/c 

Ratio 


HCl 
Cor.v . 
(%) 


Recycle 
C2H4 
yield 
<%> 


EDC 

Purity 
(%) 


Burning 
















7 


0 .77 


0 . 45 


95 . 85 


97 .28 


99.38 


1.33 


8 


C . 78 


C . 45 


| 99.79 


97 .9" 


99.42 


0 . 99 



20 

The results confirm that the Cu-Mg-Li based catalyst prepared by double 
"impregnation is more efficient also at these operating conditions, 
reducing the ethylene loss by about 23%. Furthermore, the average 
productivity of the catalyst achieved is around 593g EDC /hkg cat , 
25 that is about 11% higher with respect to Examples 1-6. 



Examples 9-10 

30 These tests focused on the catalyst flexibility, i.e. the ability of the 
catalyst to maintain a certain efficiency when residence time reduces 
without any increase in temperature. To do that, the reaction 
temperature was kept constant at 225 'C, while residence time was reduced 
by 1 second with respect to Examples 1 and 8 . The operating conditions 

35 settled were: 



40 
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temperature : 
pressure : 
residence time: 
C 2 H< flow: 
HC1 flow: 
0 2 flow: 
N 2 flow 



225*C 

5 barg 

14 seconds 

180-190 

290-300 

80-90 

280-290 



Nl/h 
Nl/h 
Nl/h 
Nl/H 



10 Even in this case, the double impregnation procedure ensures a higher 
ethylene yield, as shown in Table 5: 



15 



TABLE 5 



EXAMPLE 


Cl/C 
Ratio 


O/C 
Ratio 


HCL 
conv 

(%) 


Recycle 
C2H4 
Yield 
(%) 


EDC 

Purity 
(%) 


Burning 
(%) 
















9 


0 . 78 


0 .45 


99 .91 


97 .41 


99.4 


1.29 


10 


0 . 77 


0.44 


99.96 


97 .7 


99.34 


1.1 ~ 
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30 The average productivity of the catalyst achieved at these operating 
conditions is around 64 8g£D C /h . kg cat , which means an enhancement of ca.21% 
with respect to Examples 1-6 and ca.9% in comparison with Examples 7-8. 
Thus, the oxychlorination catalysts of the present invention show 
substantial advantages over those previously proposed. The benefits 

35 reported in the Examples for pilot scale procedures represent very 
substantial savings when extrapolated to full-scale industrial 
production. 



40 
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